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ABSTRACT 


The Radio Shack home computer systa, IRS-80, 
۳ ۱ ۱ 21 witar Level Basic RON’ S, TOK GE RAM, its 
expansion intarface, a single disk drive, and a line 
printer interface to the Teletype model 4) line 
printer is being used as a microprocessor development 
ald for the 2-907 nicroprocessotc. Basic language 
programs are resident on the mini-disk and are used to 
load,to store, to dump, and td execute assembled 


assembly language programs. 
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I. INTRODUCTION 


—— ات‎ eee ee m 


۱۱۲ int al Condition of the Naval Postgraduat> Schools 
Radio Shack home computer was a Lavel I basic system with 
16K of RAM. This beginning system was added to and modified 
to form a microprocessor development aid for the Z-80 


microprocessor. 


Chapter II wiil discuss the conversion of the Level I 
basic to Level II basic. This being complicated by Radio 
Shack 's lack SE docinentation and instruztions was 
accomplished within on2 afternoon. Prestene ONS IE 


would take about fifteen ainutes 


Chapter III will discuss the operation and construction 
de en printer interface. This interface is controlled 
py an INTEL 8748 nicroprocessor and 153 set to operate at 


2400 baud. Beer amıeicaae anoune SE cime was spent on th 


U) 


L 
due to a standard line feed character not being generated by 
ene TRS-60, 


In chapter IV the microprocessor development aid is 
discussed with application to sanple problems. The use of a 
system of basic language programs resident on thes mini-diskK 
SO DS Bats. to: load, 29 dump, to stores, abd to 
execute assembled assembly language programs. 1 5 ۱۶ ۵ 


of these operations are either directed to the video display 


GE Eha Line printer. Jse or the system's single step 
execution program allows the operator to trace tne 
operations on each register as the operations are 
accomplished. 





MM 





The conclusions and recoumendations of chapter V include 
ideas for furthering the usefulness of the TRS-80 asa 
development tool. Ihe prospects of increasing tha variety 
of microprocessors serviced by this inexpensive system is 


very exciting. 








The conversion to Lavel II basic from Level [ basic was 
the first hardware change nade to the Naval Postgraduate 
School's TRS-80. This changes the 4K of ROM used for Level 
ل[‎ 0251 EO 12K of ROM used for Level II basic. An inereased 
inserleeion set and the software to support oa line printer 
are the motivating factors for this alteration. Normally a 
Radio Shack service center would install and test the 
COSES On kit. Since this is an slectrical- snġineerimg 
thesis, it was decided that I would do the conversion and 


۱ kave an opportunity to study the CPU board. 


Meuse of Ref. 1| during the Lavel- -IT basiz conversion 
mEusetulcandothe only available reference. All of the ۵ " 
numbers are on the CPU ooard and therefore theic locations 
are relatively 3857 to find. Å new X3 is provided with tne 
conversion kit ani is us2i as is (D9 NOT break any of the X3 
connectors). The Kit also has a 100 ona 1/4 watt resistor. 
۲۷ 5 و5‎ 05۲ is used t» load the recorder input bus is not 


necessary; therefore, it is not used 


The Lavel II basic ROM's ara >on a small d-chip ROM 
Door 2215 ROM board is attached with double-sided tape دخ‎ 
the etched side of the ZPU board. The ROM board has a flat 
mibbon' cabie used to connect it to the CPU board at 233 9 
Z34 


There are four lose wires coming from the ROM board 
Wnich must be connectei to the CPU board: A yello 
be connected to address line 11 (Ali); A red wire to be 


connected to address line 12 (A12); àa orange wire to be 


10 








connected to address Lins 13 (A13); s green evår> to be 
connected to something called ROMX. One must be careful for 


puescobor coding &ay change with diffarent ROM boards. 


Benz lS —not defrnel in Rest. 1.  ROM* nist oe high Ghana 
NSE دا ش‎ is high and is low otherwise, in ófder to support 
the memory map. Knowing what makes up ROM* leads to where 
Mwconnects onmen= CPU board. On 9-80 schematic (sheet 7) 
of reference 1, there is the DIP shunt X3. This DIP shunt is 
a shorting bar array. By breaking some bars and leaving 
others intact, the address decoder is programmed t9 reflect 
tche amount of RƏM and RAM on the CPU board. For a Level II 
basic ROM and 16X of RAM none of the bars of X3 are broken. 
ROMs now found on pin 7 or 8 of X3 with an uabrõken DIP 


is installed 


The wires connecting to Ali, Ai2, A13 must all be 
connected to tha output of the tri-state buffers which 
isolate the CPU. Connect the yellow wire (A11) to pin 5 of 
the red wire (A12) to pin 13 of 229, the orange wire 
p.59 »rn 3 Of 221, and the greenmwire (ROM*) co pin S3 or 
ER 


Appendix A codtains 1 step-bv-step procedura for the 


above conversion. 
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III. LINE PRINTER INTERFACE 


12 ت‎ ۵ baci Copy of owepute data and prograw Listings 
is an important part of any computer system. The TRS-30 
expansion interface has two printer ports. One port is a 
screen printer port and interfaces with the Radio Shack 
Sercemmorinter, Phis port is a pin for vin copy of ke 
M  03- cCOonnzCctor which connects the CPU board with the 
expansion interface. The other port is a Line printer port 
which interfaces with the Radio Shack line priater. This 
ددن‎ I15 a 2 0۵1۲ poct. It sends MBL data lines in pasallel 


and receives four handshaking signals. 


Given the need for hacd copy output and the axistence of 
a line printer which ressives RS-232 signals, an interface 
was constructed t9 convert the TRS-30's expansion interface 


and the Teletype nodel 40 Line printer. 
A. WEERXATTON OE THE LINE PRINTER INTERFACE 


The line printer interface must interface between che 
TTL parallel output and handshaking signals of tha =xpansion 
interface and the RS-232, at 2400 baud, signals of the 
Teletype model 40 line printer. à universal asynchronous 
receiver/transmiter (UAR/7) the AY-5-1013 is used with a 
quad MDTL line driver the MC1488 to convert the parallel 
output otf the expansion interface to 2400 baud  RS-232 
signals. A handshaking signal from che line printer s 
eonwert de tO TTL Logic in à quad “DIL line receiver “She 
MC1489. 








EĦOMINS-80 software 1335S not generate an ASCII line feed 
Character at the end of a line. This requires a smart line 
printer interface. An INTEL 8748 is used to control the 
handshaking signals, monitor the parallel output from the 
TRS-80, and when requirei take control of the printer tə 
generate a line feed character. A line feed is generated 


after the IRS-80 transmits a carriage return. 


Whenever the line printer interface and the disk drive 
are connected to the expansion interface, the line printer 
interface must be turned on. Moe lack „or Ehe proper 
handshaking signals, when the line printer interface is off, 
Will prevent disk operation on start up and Lock up tne 
system during operation. Before tne first use of the line 
pre interface after 1 shut down the RESET button “dust be 
pressed on the line printer interface to insure  propec 
restart of the 8748. 


BE INSIDE THE LINE PRINTER INTERFACE 


Inside the line printer interface is diviied into -fou 


H 


pactes. Tha eransmit data path is discussed first. This is 
En. Ball trom the TRS-80 through the line printer interface 
to the line printer. Ihe second part is the received data 


pata which is the handshake signal from the line printer to 
X 


the TRS-80. The control signals ara jenerated next and pull 
together both transmit and receive signals along with the 
necessary clock pulses. The power supply of the line 
printer interface is examined for possible troubles shooting 
at a later date. 

The line printer interface is made from thra3 LSI and 
AN 551 building bløsks. Jne 8748 Wicroproasessør, one 


Eu MON IJSUAR/T, one 8212 elght-bit lapuc/ourput port, one 
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OC TEL State quad Jaffer, oma 5610588 quad MDTL line 
dever; one 61983 quad DIL line cacseiver, and two 7492 
divide-by-12 counters ar2 the integrated circuit components 
Dies line printer interface. Thsrc2 are an additisxiam Sax 
SSI building blocks on tne expansion interface which support 
the line printer. These circuits decode the line  orinter 
driver address, store the output data cnaracter, receive tne 
handshaking signals, and produce a 1/2 microsecond negative 
going data strobe to signal when data is present. Detailed 
data on the operation of all the components of the line 


printer interface appear in Refs. 2, 3 and 4. 


1. Transmit 


hS )ا‎ 6223283501215 data * path "through Ifthe line printer 
interface is shown in figure 1. Parallel data is latched on 
the expansion interface. This data is passed through the 
دا قد‎ 50021011012604 as an output port to the UAR/t. The 8748 
can read the data which is passed to che UAR/T or,as will be 
seen during the control iiscussion, the 3748 can write data 
to the UAR/T. The UAR/T changes tha data from parallel to 
serial at the baud rate maintained oy tne control signals. 
Perl serial output of the UAR/T is changsi to RS-232 
ucc rn the 561488 and sent to the line printer through pin 


Sr or an RS-232 connector. 


The receive data path from the line printer to tna 
expansion interface is shown in figure 2. Pin 14 of the 
Mose se connector is the ceceive next character (RWC) signal 
acne bins printer. When this signal 15 19 the linə 
printer is not ready to receive the next charactac. Likewise 


when this signal is high, the printer is ready to receive a 
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Character. DNE 2320 logic of che printen 1S changed to 
DEL 2591-6 by the C1489. low on LP-23 of the  expansisen 
Entoertace causes the TR3-80 to halt until LP-23 goes high. 
as Es also counscted t5 T1 of the 8748 for use in the 
con SN Sequence. The timing is such that thas signar vill 
not slow down the process unless a line feed or a form feed 


is being executed. 


Mies comrrol “of the line: peinter interfazs 1S show 
د‎ 2 012 3. Tha 9709 perforas two control functions. D 
monitors the transmitted characters and inserts i line feed 
Character after each carriage return snaracter. 1 9 ۳ ی‎ 
for tha UAR/T, a Glock at sixtaen times the iasired baud 


rate, originates from tha 8748. 


Tae control ofS the lane ceed character Jen=tati2n 
works as follows. Three of the data lines of port DI and 
once otc the data lines of port P2 of the 8748 are used for 


soner ۲۱۳3 11 م۳‎ the SUS port,;which iS  zonitoring Iti 


(L 


transmitted character, is in a high inpedance stats. P12 is 
high, enabling the 8212 through one of the 74126's buffers 


used as a driver. P11 is low, enapling the TRS-3) tkrouadn 


Fh 


LP=21 and a tri-state buffer on tha expansion inter 
ganen leads to D7 of the CPU. P13 is low, disabling tha 
74126's tri-state buffer which drives P20. P20 is nigh, Bue 


disconnected from the data strobe of the UAR/I (DS (Pot) ) 。 


aca 


LP-26 is a clear Line for the D flip-flops on the sxpaensiva 
interface whiten stores the transmitted character; it is 


wired high to disable the clear. The interrupt 15 enabled. 
The transmit sequence follows. Raaeesr GS 


latched to the D flip-flops on the expansion interface. 


This character passes through the 8212 and appears on the 


17 





SE UAR/T 





Faire 3 —  GONPDROL 


18 








dara lines of the UAR/T and the BUS of the 87400 As necatime 
going pulse of about 1/2 nicrosecond is generatad on the 
expansion interface and is passed from LP-1 through the 8212 
BONES (not) Of toe @URR/T. [The ead or character line (EOC) of 
the UAR/T goes low, intecrupting the 3743, and taz character 
ls transmited by the UAR/T. The interrupted 8743 stops tas 
ERS ae by —sendiag Pil high. It then inputs ou the BUS the 
enaraeter and checks 1 to see Lf it is a carriage  wewarn 
(0DH). If a carriage return character is not being 
transmitted, thea the 8798 starts its end of interrupt 
sequence {to be described later). If a carriage return is 
being transmitted, then the 8743 waits for the £00 to go 
high. At that time, P12 goes low to disable the 8212 
(places it in a high impedance state) and P10 goes higa 
enabling the 74126's buffer to connect P20 to DS(not) of the 
UAR/T. A line feed character (0AH) is places on thes 8748's 
BUS. P20 goes low, then high, thus generating a data strobe 
porc the UAR/T. A line feed character is now being 


transmitted. The 8/748 starts its end of interrupt sequence. 


During thes end ot interrupt sequence, ths 8748 waits 
ene EOC EO go high, then Lt waits for Il to-go high. 
This means the 8748 waits for the  UAR/T eo IRISH 
bsdomictinġ, then it waits for the printer to say it is 
ready. When thes2 things are true, a return from interrupt 
is executed. After the interrupt is raenabled, the initial 
conditions are reestanpnlished and the transmission of the 


nert GChabacter 15 started. 


Appendix 8 is a complete listing of the progran 
resident on the 8748. Along with supporting the above, the 
2۷ ۵ 215 ل‎ 19۲13 ۰255 the Sløsk for the VAR/T. The <loek is 
generated by the 8748's instructioOa ENTO CLK waich places 
1/3 the 8748's clock on the test lina I0. This Poker 
divided by twelve and two by 7492 divide-by-twelve counters 


before tne clock goes to the UAR/T at sixteen tines the baud 


19 








rate. The variable induztor is used to fine tune the 8748's 
clock, tnus rine tuning the 2400 ball of te ME. Po 
change to 4800 baud, disconnect the divide-by-two countar. 
5125113217 to change ES 9600 baud, disconnect the 
divide-by-two Counter and rewire the divide-by-twelve 


counter to make a divide-by-six counter. 


Phofreset'buttoniwibing 15 shown as part ot control, 
figure 3. Before one tries to disasseuble the liae printer 


interface case, the reset button must pe disconnected first:. 


Mie power “supply tor the line printer iġterface is 
provided by a surplus radio telegraph power supply. It is 
tated at .5 amp at 5 volts, 125 ma at +12 volts, and 125 ama 
at -12 volts. Figure 4 shows the power supplies aeeded foc 
كلد‎ ime printer interface. Pins 34-39 of the UAR/T set up 
ne Pt or one stop bit, seven bits per character, and 
even parity. PINS ind >. Migh On the 74123 E53 
permanently enable two of the 74126's tri-state buffers as 


drivers. 
GE CONSTRUCTION OF THs LENE PRINTER INTERFACE 


The line printer laterface is 01 5 ۰۳۱2 ۲ 08 3 
six-by-Zour inch perforated board using wire wrap sockets. 
The use of the wire wrap technique is a very signif 
Contribution. to the success of the line printer in 
The author has used wire wrapping on two other projects and 
never experienced a NOL OE da open. de s 


recommends this tachnigua for any prototype project. 


20 











Figure Y = POWER 
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MOMTOEtV pin edge connecting cable frøs the lime 
2212-1 interface to ene expansion interface is idemticalabo 
the cable from the CPU board to the expansion interface. 
There are two plastic lugs on sach side of the edge 
connector going to the 32 pin line printer port om te 
expansion interface. This cable cannot bes connected 
backwards, but it can be connected upside down. The cable 
should be connected as all the other cables entering the 


expansion interface. 
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ve NIZGROBRIJIEESSOR DEVELJPMENT AID 


=> => جه‎ ee ee eee ai —— ee ee ج جه ج‎ ee ج‎ -m æ سه‎ 


The ma Jor ontribution 3 this thesis is u duck 
operating microprocessor development aid for the 2-80 
nicroprocessor. Since the INTEL 8080 language is a subset 


of the 2-80 language, this development aid is, in all 
respects, an 8080 microprocessor developmenz aid as well, 
Since the Naval Postgraduate School has other and 9 
sophisticated development aids for tha 8080, tha use of this 


system will find its most pratical use with the 2-80. 


The ات(‎ Che TAS 0O0, 13S 25225628 5139 (son tidgureds. 
compares favorably with the  prompt-80/85. The system of 
basic language programs which operates the TRS-80 asıa 
Microprocessor development aid performs all of th2 functions 
of the BEOnPT 80/85 with Chey saception of "the PION 


U) 


operations. Consideration will be given to extending thi 
2-80 development aid to include PROM operations. en 
Badustyon to the promupt-82/85 functions, this system has a 
single step sxscutisn operation which allows eithsr hardcopy 


or video display of the registers after each step. 


MER SYSTEM 


The entire basic program to support che microprocessor 
development aid takes less then 115 of RAM. In a TR5-80 wir 
16K of RAM that would leave about 5K of 3AM for the machine 
language programs. To facilitate the use of the system and 
memory usage, the TRS-30 disk operating system (TRSDOS) is 


used. 
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Ine Software: to support the TRSDOS uses about TOR ۶ 
RAM, leaving lass than 6K of RAM for the systam programs. 
The basic programs are segmented into functional groups 
using less than 2K of RAM sach. Each of these small 
programs which are resident on the disk are called from the 
disk by the monitor programa. Each of the program segments 
calls another segment 15 its last step, thus th2 systen of 


programs loop froa one to another. 


Witn 10K of RAM used by TRSDOS and about 2K o£ RAM used 
by the basic programs, this leaves a little more than 3K of 
RAM for the assembled assembly language programs. Any tine 
an assembly language program of greater than 3K is being 
developed, the developec should think about a higher level 
language to produce his software. When the Naval 
Bostgraduate School's TR5-80 RAM is sxpanded to 48K, the 


Same restriction should ve followed. 


On system start up, the number of files question should 
De answered by pressing ENTER; this defaults with three 
files. Since each file requires about 285 bytes 2£ RAM, any 
answer other than the default will cob the systema of the Rad 
required Lor wexecuting Lits program. The memory size 
question should be answeced with 29630 ENTER. This protects 


3K of RAM for the user's assembly language prograas. 


The use of this systen is very mach dependent upon a 
Strong background in 3080 and 2-80 assembly language. 
References 7, 8, 9, and 19 are recommended for the beginner 
in that order. An understanding of the assembly Language aad 
how it operates within the microprocessor cannot be replaced 


by this system of basic language programs. 


۳ لا‎ BASIC PROGRAMS 
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The programs used to Su Ober the RicroOprocess' 


هم 


0 0 
development aid are written in TRS-80 Disk Basiz, reference 
5 2114 6 apely. Their exscution is slower than hat 2 
similar operating systems which are assembly language based. 
An asserted attempt has been made to have the inputs and the 
outputs closely resemble their counterparts in ?-8UG and the 
TEKTRONIX 8002 systems. The programs are intacactive in 
nature and require a developer's response at appropriate 


times during execution. 


Examples of the use of these programs ace given as 
sample labs in Appendices X, Y, and مه‎ Use of these laps 


will be discussed later in this chapter. 


All of the basic programs, but one, are protective files 
as defined in Ref. 6. They cannot be loaded, altered or 
executed without the use of their password. Ihe password 
used by all the programs is DFZ, the initals of thea author. 
The disk's master passwori is the same as given in Ref. 5. 
It is not necessary to use or even know either password when 


using this microprocessor development aid. 


The basic programs of Appenilzes C through N, and 2 
through 5 are ii2ntical in content to those resident on the 
disk. However, to save memory locations, unnecessary spaces 
have been deleted for thea programs on tae disk. Since this 
entire thesis is being jenerated by the [PS program, on the 
IBM 360, the appendices have additional spaces g>nerated Dy 
TPS to make them more pleasing to tha eys. Additionally thea 
subroutine calls, which appear in most of the programs, call 
line numbers not present in Appendices C through N, and P 
through S. These subroutines appear in Appendicas 7, U, and 
V, but are resident oa the disk ia the basic program when 


required. 
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1. Monitor Program 


The monitor program, Appendix C, functions as its 
name implies. It establishes a starting position for the 
microprocessor development aid and allows the operator TO 
chose the type of operation which he #sants to accomplish. To 
Start the monitor and, therefore, start the micrcoprocessor 


development aid, type RUN'S" and then press ENTER. This will 


load and run th2 nonitor program. "S" is áa program which is 
sure Long; that linse is SUN *"MONITOR/BAS.DrC:0" 9 
could be entered directly. What occurs on RUN "S" is that 


the monitor program is found on disk drive 0 and loaded into 


the RAM and then 2xecuted. 


The first requested input from the monitor prograa 
is a request for one of two letters S or L. Thes2 stand for 
a short (very short) or long explanation of the commands 
which are recognized oy the monitor program. Iż tha 
ọperatorc enters some Character, group of Characters, or the 
null character (by just pressing ENTER), tne program 


defaults by responding with the short explanation. 


After the operator responds to and receives his 
explanation, the program asks for a mode of operation. T 
Operator must then respond with one of a set of ch 
used in the explanation. I£ the oparator enters 1 differe 
String of characters, then what appears in the sxplanati 
(spaces Counts the program 09۶3 1 ۰5 wich the Shore 
explanation. It will continue giving ths short explanation 


until a proper string of characters is entered. 
۱۵ ۳ ۳ 2 ۵ 9 2 Sebring Of characters the 


mon EOE لا تا تاه ای‎ direces the locatinj, loading 3:۸0 eTecutzon 


Of a new program. At the end Of this, the monitor program is 
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no longer in the RAM. The monitor program is reloaded as a 
final step to each of the other modes of operation. Thus, 


the microprocessor development aid is self perpetuating. 


If, for any reason, the operator requires to get to 
the monitor program at some other time, press BREAK then 
DS RUN "S" and press ENTER. 


2. Dump Mode 


To start the dump node program, Appendix 9, from tha 
monitor program type DUMP, then press ENTER when the mode is 
requested. This program will provide, either in hard copy or 
on the video display, tha contents (in hexadecimal code) or 
any memory location or string of memory locations up to and 


including the entire 64K 2f RAM adiressaole by the 2-30. 


The operator must provide, when asked, 2 starting 
memory location in decimal, the number of memory locations 
immidecamal and an indication of video or line printer 
output. There is no default on the type of output, so if the 
Operator enters something other than a single letter ¥ for 
eo or tne two letter string LP for the line printer 
there will be no output. The data is outputted in the 
mol-lowingi format per Lins: starting memory location: of ae 


line in decimal; starting memory location o£ t 


pop W 

(U 
V= 

۱۰ 

3 

(b 

۱ 

g 


hexadecimal; followed with sixteen bytes of data from the 


next Sixteen memory Locations. 


After the reguasted data is outputted, the prograa 
gives the operator an opportunity to start the duap program 
Bee ho prograg «defaults Or any character string othe: 


than YES to the monitor program. 
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Tne load mede program, Appendix E, is sntered by 
typing LOAD and pressing ENTER when the mode is requested 
during tae monitor program. This program operates almost 
identically to the "exam" command of the TEKTRONIX 8002. 
The operator will be required to enter a starting memory 
Poedtron in decimal. fhe location should be, but is not 
limited to, the reserved RAM locations 7400 to 72FP (29696 
® 2767 decimal) which are protected on startup. Since this 
Beegeam Changes the contsnts of RAM Locations, to use 1t at 
RAM location other than 7400 to 7FFF Hax invites disaster, 
for the operator can end up changing sometning that should 


not be changed. 


The program outputs the hexadecimal memory location 
and its current contents. When a question mark (?) appears, 
the operator can change the memory location by typing a two 
digit hexadecimal code and pressing ENTER. The program 
defaults using only the first two characters of any 
yalti character string. Ff no Charactaers are typed and ENTER 
is pressed, the memory location is unchanged and tìa progranm 
proceeds to the next memory location. The memory Location 


always increases and nevec decreases. 


Mom stops tuo loading. process type QUIT and press 


۳۳۲ دا‎ will start tha monitor program. 


pu 


The execution moiz2 program, Appendix P, is ent 


(D 


re 
by typing EXEC and pressing ENTER «nen the moda request is 
made during the monitor program. This program requires a 


decimal number which is used as a Starting memory location. 
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The program transfers control so that the machine language 
code is executed starting at that memory location. This 
execution is similar to the GO command of the pronpt 80/85. 
The execution is stopped and control transferred back to tae 
basic language program upon execution of a return wnich was 
not proceeded by a call in the assembly language program. 
۳ 05-0 2ustruction is used to transfec control. See Refs. 
5 and 6. 


When execution is complete, the operator is asked if 
further execution is required. If so, a YES is typed and 
ENTER pressed, then the basic language execution node 
program is restarted asking for a starting memory Location 
in decimal. The program defaults on any other character 


String than YES to the monitor program. 


The use of this mode should be limited tə assembly 
language programs which have already been debugged. Since 
the execution is very raid, at tha 2-80 clock rate, any 
attempt tə see single steps would be useless. Techniques 
for writing Z-80 assembly language programs for this systam 


are discussed later. 


Sing te Step Execution Mode 


The single step 3xecution Mode is a system of eigat 
basic language programs, Appendices G through N, and one 
machine language program, Appendix 0. The system of 
2م‎ 002325 ls started by typing SS EXEC and. pressinj 881283 n 
response to the mode question of the monitor program. 
Single step execution will provide, either in hardcopy or on 
the video display, the program counter of the step being 
executed. The contents o£ each working register and ithe 


stack pointer, after the step is executed, is also 


fv 


Omeedttodse 8۵ ۵۳3۲ ase of this sat of prografis isqas 
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debugging aid. For loij machine language programs tha 
hardcopy output is essential, Since the video display will 
contain no more than twelve lines of output. What follows is 
a functional explanation for each of the nine separate 


programs which make up the single step execution node. 


Single step execution program, Appendix 5, is the 
executive prograa of the single step execution node. It is 
run only once during the single step procedure, and this 
does the preliminary accounting procedures required for 
execution. It first loads the machine language prograı, 
Bone O, into memory. The question of output is then 
addressed. The operator responds with a V or LP for either 
video or line printer output. The type of output is stored 
in the least significant bit of memory location 73100 Hex. 
Beeren is no default for output; a zero in this lo€atien 
causes video output and a one causes line printer output. 
If some other string of characters is used to answer the 
Output guestion, the contents of this bit remains unchanged 
and the output is either video or line princer. The last 
entry by the operator in this mode is a starting memory 
location in decimal. This location is now used by the systen 
of programs as the program counter and is stored in memory 
location 73D2 and 73D3. Since the single step moie is using 
several programs, any information to be passed between the 
programs aust be stored in the protected part of the RAM. 
Appendix W shows a memory map of taa protected portion o£ 


the RAM used by the single step execution mode. 


The Appendix G program, as 4 final step, loads and 
executes single step execution prograa 1, Appendix 4. This, 
as well as the renaining single step execution programs, nas 
now wterdcetions With che Operator. Ihe programessts mewory 
1089955102 73D to zero. "Memory Location 7301 is callea 5 
emeoüughoutsthis set'of prografis. The output bit'froa' nemorv 


location 73D0 is checked and a header is outputted as 
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required. This header labels each of the columns of the 
output. The single step 2xacution program 1 is r2turned to, 
after ten machine language program steps are accouplished. 
This process would be accomplished as a do-losp if the 
Single step execution mode was one, not eight basic 


programs. 


The Appendix H program, as a final st2p, loads and 
executes single step execution progran 2, Appendix I. This 
program perforas a very fundamental Function of a single 
step routine; it translates the hexadecimal coda of the 
contents of the program counter's memory location into the 
length in bytes of the instruction to be executed. The 
Variable N2 is used to store the number of bytes per current 
instruction, see Appendix WN. Instead of using this variable 
in single step execution program 2, the program loads, then 
executes one of the four programs, Appendices J through 4, 


depending on the number of bytes. 


If single step execution program 3 is executed nex, 
then the instruction to be executed is one byte in Length. 
There are four distinct classes of one byte instructions in 
the 2-80 language. Ther2 is a class which does not change 
۳۱۸5 ۳۲ 9 1 ۲ 2۳ counter except to" move it down to the next 
imstmuetion. 02256577 5222208 82127 525295123252952 isstructiems 
are like this. Another class is one that only changes the 
program counter. 052ل‎ 5017 522012 597527 1 25 220123168 of thas 
class is the JP(HL) instruction. The third class may change 
the program counter and the stack pointer. These are the 
return and conditional return instructions. The last class 
are the restart instructions. The single st2D 2xecution 
program 3 separates these four classes of single byte 
instructions and set control codes to insure tneir proper 
eżeċutlon within the single step fragewiork. Wh instruction 
which does not change the program counter will set M5 to 1 


GĦAMA OMRCOMJ) l Anfinstructclon to jump ter HL will sstw$5 to 1, 
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M6 to 1, and places the new pcogram countec in memory 
1663826551١73 88 and 73E9. The returns check to sse if the 
return has had a corresponding call. The conditional 
coplas are caecked for) the teuths.of the conditions If be 
Ferien has a corresponding call, the returaiag progsäm 
counter is placed in memory locations 73E8 and 7389: the 
Stack pointer is caused to increment twice; 45 is set to 1 
and ۵ 15 set to les If the return is a. condüátional reas 
Long its condition, MS is set t5 1 and@s is see Ho 2. 


If the return does not have a corresponding call, then it is 


— 


aa end of progran return; M5 1S set t5 2 and M6 is set 0 
es art instruction is not executed since its  egecutian 
would transfer control to a Level II basic ROM memory 
foca lon. A restart sets 45 to 1,16 to 2, and prints a 
Gtagmostic on the vad: display. MS amd 45 are cen tael 
variables which are stor21 in memory Location 7300, prior to 
the loading and execution of single step executioa programa 


7, Appendix N, as a last step of this program. 


Single step exazution 4, Appendix K, is executed 
At, the 'instpuction being executed rs two bytes long. 
There are four classes f the two byte instructions. Ome 
type is executed iirectly and does not change the program 
counter. These instrustions set 45 to 1 aad M6 to 3» 
Another class are the jumps. The JP (IX) and J2 (IY) 
instructions each set M5 to 1 and M6 to 1, chen place a new 
peegtamecounter in memory locations 7389 and 735% The 
relative jump instruction decodes the new program counter 
and then does the same as JP(IX). The conditional relative 
Junts a true coniition act as å relative Jammne IF 3 
malse condition exists; then M5 is set to T and A5 is sət to 
D If the special decranent relativa junp (DJNZ3) is Deing 
executed, then, in addition to the conditional relative jump 
Degecedure,; the B register nust be lecrsmentsd. Phe this 
ass Ss the råtukpe froangøinterrupt and return froa 


nonmaskable interrupt. This class sets 45 to 1 and M6 to 2, 
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and then outputs a diagnostic to the video disolay. The 
instructions RETI and RETN are emulated with n» operations 
WP Ine last class of fuo “bytes instructions “are tie 
iterative load, compare, input and output instructions 
(COIR GDDR, CPIR, CPOR, INIR;-INDR, JBEBR; and: OTDB) å Thev 
Seto MS to 1 and "M6 t5 3 which allows their sxecution to 
completion. A diagnosic is outputted to the video which 
explains that these instcuctions are executed dicectly with 
su one line of output. The control variables "85 and W6 
are then stored ia memory location 7300; and the single step 


program 7, Appendix N, is loaded and executed. 


Single step execution program 5, Appendix L, is 
executed if the instruction being executed is three bytes in 
length. There arə three classes of three byte instructions. 
The ones which do not change the program counter are 
executed directly. Ihe control variables M5 is set to 1 and 
M6 is set to 3. The second class is the jump and 
conditional jumps. Tha jump will sərt M5 to 1 a1d M6 to 1, 
and store the new prograa counter in memory locations 7353 
HR |7389 . ۳ conditional jump is checked for tas tren WE 
uhe condition. LE the condition is true, then Lt is treated 
like a jump. If the condition is false, then M5 is set to 1 
Joad 056 Is set to 2. The third class is the call and 
condreronal calls. Thas= act" Likes jusps ande sono 
¡opte additional actions. The current program plus 
three must appear to be pushed on tne stack; the stack 
pointer decreased by two; and 44 which is stored at 73D4 is 
decreased py one. The control variables M5 and M6 are stored 
at 73D0; then single step execution program 7, Appendix ۶ 


15 loaded and executed. 


Single step execition program 5, Appendix 8, 5 
executed if the instruction being executed is fous bytes 


long. The 2-80 language does not have any Tau 


i 


r 
instruction which changes the program counter. This procrza 
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sotomtroscontrol variablesoM5 to fl and 46 to 3, and then 
stores them in memory location 73D0. Th2 single step 
execution program 7, Appendix N, is then loaded and 


executed. 


Single step execution program 7, Appendix Y, is tae 
ending executive progran for each nachine language program 
step. The program decodes K which is the number of lines 
that this program has printed since the last register header 
2ه‎ single step execution program 2 was printed. LP? is 
decoded. Fete es OI thom ۰9۱9 put ۷۵8 -Lowebe Line 
printer. If LP is Zero, then output goes to the video 
wesola y: 5N3.1S decoded ı5 the current program countem. If a 
jump, call or return is to be executed, then N1 is decoded 
as the new program counter. MS is decoded aS 1 or 2. M6 is 
decoded as 1, 2 or 3. N2 is decoded as the byte length 2 
the machine language instruction being executed. If M6 is 
len the New program counter, NA is stored in 73D2 and 
73D3 and the machine language program of apoendix O is 
executed. I M6 is 2, then N1 is set zo N2 plus N3 (i.e., 
the new program counter is the old program counter plus the 
number of bytes of the executing instruction); and the steps 
done COE 6 equal to 1 are carried ont. ror both 46 set ts 
INS urhe contents »f 73E8 to 73EB are seither RO 
Operations (NOP) or previously set in single step execution 
BIREGIĦADSTJ, U Or a6 If 16 is 3, than the instruction being 
executed is placed in 73E8 to 73EB (whitb NOP's in empty 
locations); and the steps used when 45 is 2 are carried out. 
Upon returning from the aachine language programa 5£ appendix 
O, the program counter, registers and stack pointer ar» 
assembled and outputted as the variable LP dictates. It 45 
is 2, then the nachine la1guage program is ove 


r 9 
return than calls). An end of execution message is 


on the video display and the monitor program is loaded 3 
executed. EE DNS. 25 81). then “one Lis adwed t5 4. £ K is 
greater than 9 (i.e. ten lines or output has been 
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generated), then the projram loops to singla stap sxecution 
program 1. If K is less than or equal to J, then the 


program loops to single step execution program 2. 


Figure 5 shows a flow chart of the inge. step 
execution programs. Tha nested operation of these programs 
takes twenty seconds of real time to execute one step. This 
gives the operator plenty of time to anticipate the changes 
which each step will aake to the registers. For ua 
experienced operator, it is far too long to wait for the 
next step. FOE Ghat Case USING و1‎ 2 9 output ls 


suggested. 


To start the disk storage molde program, Appendix P, 
CoM the monitor program type DSTORE, then press SHEER Shen 
the mode is requested. This program will stor2 a machine 
language program on the disk. Even more generaliy, it will 
store any portion of memory on any disk, if aora than one 


disk is connected to the system. 


The operator must provide a starting nenory address 
in decimal, an ending menory addr2ss in decimal, and a 
filename. Reference 6 is the source for information on the 
optional parameters for filenames. Tha simplest filename is 
a name of no more than eight alpha-numeric charasters. The 
data is stored under the filename, tnerefore an easi = 
remembered filename should be used. The progran stores the 
data, reminds the operator of the filenane in use, and hen 


loads and executes the monitor progran. 
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po startigthe' diskamecali ioddeptogtan, Appendia 935 
from the monitor program type DRECALL, then press ENTER when 
the mode is requested. This program will load a machine 
language program into nemorv from a data file on the disk 
created by the DSTORE program. 


The operator must provide a starting memory address 
h 


in decimal, an ending memory address in decimal, and 


å 
(D 


filename of the data file used during DSTORE to create the 
file. After the machine language program is loaded, the 
Operator is reminded which memory locations have been 


loaded. The monitor program is now loaded and executed. 


8. Tape Storage Moda 
To Start the tape storage 2003 program, Appendi a 
fron the sonitor prägran type TSTORE, taen press ENTER when 


the mode is requested. This program will store a machine 


language program on the tape recorder. 


The operator must provide a starting and ending 
nenory address in decimal. The tape recorder must pe on and 
Set to record. There is no filename for the tapa recorder 
storage in this application, so reneuber the starting and 
ending cape counter. The data is stored on tne tape, 
Sixteen bytes at a time. After the data is transfered to tae 


tape, the monitor program is loaded and executed. 
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TO Start the taps recall mode progmals Appemd ia - 454 
from the monitor program type TRECALL, then press ENTER when 
the mode is requested. This program will load into the RAM 
memory a machine language program which has been stored on 


the tape using TSTORE mode. 


The operator must provida a starting and ending 
memory address. The program expects the operator to place 
Eee tape recorder in play at about the starting tape counter 
used in the TSTORE mode. After the data is loaded in the 


BAM, the monitor prograu is loaded and executed. 


Co. SPECIAL CONSIDERATIONS FOR MACHINE LANGUAGE PROGRAMMING 


Most Systems, Which support machine language 
programming, have peculiarities of which a programmer can 
take advantage. As presently configussd, this 
microprocessor development svstem nas several peculiarties. 
There is only 3K of protected RAM for machine language 
usage. There is a 1K video RAM which might b2 utilized. 
There is an expansion poct to which hardware may be added. 
There is a memory mappei keyboard which can be used. There 
ls the possibility of using the suproutines of tha level II 


ICE ROM aS macro instructions. 


The 3K of protective RAM, memory addresses 74)0 to 77FF, 
is available for nachine language programs, a stack, and, as 
required, for storage of iata. Thesaachine language program 
pesjdent in this portion of RAM is not relscateble to 
anothers Section oč the Raw. If a large amount of stack 
space is required, a program's integrity may pa in jeopardy. 
When the RAM is expanded to 48K, none of the current 
software will support the use of tha additional 32X o£ RAM. 


The PEEK and POKE instructions require a different syntax in 
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the supporting basic projrams. The PEEK svntax ia the fir 
16K of RAM 1s PEEK (address). Th2 PEEK syntax for the RAM 


st 
in 
the expansion intarface, at menory aliresses abov2 32767, is 
PEER '*address—-32676). To PEEK at address 40000 the 
instruction would be P&EK (-1*7233). this Limitation in tna 
Support software will not prevent the programmer from using 
this additional memory as a stack or data storage by a 


machine language program. 


There is 1K of video RAM, memory locations 33299 to 3FFP, 
Voten can be used for several purposes. It is used in ihe 
example labs as a indicator light. By loading BPheX into a 
video address the video location is whited out. This can 
take the place of a single hardware LED. The ASCII 
character codes and video codes which are available ara 
given in appendix C of aef. 5. The video RAM nay be used 
for the stack if requirei. Use of tha video RAM is Limited 
to applications which will not interfere with the TRS-80's 
use of the video RAM. For example, the programmer would not 
۱۳۰۳ hno  VIĠESMRAH useful for a staekWtduring a single step 
execution with output to the video display. However, the 
stack could use the 3309 RAM during single st2p execution 
if output was to the printer. The second example lab does 
use the video RAM during 2 single step execution with output 


to the video displav. 


The use of the expansion port, called the screen printer 
port on the expansion interface, will be useful for hardware 


projects which would othecwise require a dedicatei 2-80 CPU. 


(D 


pure 22 of Rəf. 1 is a detailed description of «a 
expansion port edge connecter. In general, each Lint JE 
thee edge connector will drive only one Cre load. 
Therefore, drivers or tri-state buffecs will be required for 
an external hardware project. The five volt power supply, 


pin 39, has been modifiei to show 2 ground. 
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The use of th2 keyboard and other ROM subroutines will 
add a considerable dimension CO machine language 
programming. At present, Ref. 9 is tae sole source for ROM 
subroutine memory locations. In tae future, the 1 
Postgraduate School will have a complete listing of ROM 


subroutines for the programmer to utilize. 


9۰ UoLNG IHE DEVELOPMENT SYSTEM 


The learning curve is a substantial barrier t» the use 
of any new product or device. The same is true for any 2-80 
based system or project or the development 5752523 used to 
Create the required software. To have a system of basic 
language programs which are described as a microprocessor 
development aid for the  Z-80 is not enough. A developer 
must have confidence in the system ani must be helped to get 
past the largest part of the learning curve. Appendices YX, 
Y, and Z are designed as training sessions to msalp a naw 
developer to learn tne system, to davelop confidence in thea 
system's ability to solve his problem, and to start with 


Small successes on which larger projects can be built. 


1. Lab 1 


Appendix X, lab 1, first ۵/۵ ۵1 25 2 mery detailed 
power up procedure. The system has six power cords, threes 
edge connector cables, taree connecting cables, and one 
RS-232 connecting cable. [The sequence of powering up is 
important and should be Followed sach tine jy is ojei op 
There are many other capabilities On the TRS=30 


۵1 ۶5 901 2۷:5۲ system. Ihe operator should refer to ReÉs. 5 


and 6 when these other capabilities are required. 


40 





| | 


The operator is then led thcough a sequence of 
operations which will retrieve a machine language program 
resident on the mini disk and places it in the protective 
portion of the RAM using the disk recall mode. The contents 
ot the RAM is verified using the dump mode. This program is 
modified by the load mode and executed by the execute aode. 
The program uses the vides RAM as an output and whit2ns the 
first 256 video RAM locations. 


The return at the end of the program which exists 
without a call is a signal to the TRS-80 to exit this 
machine language progran and return to the basic language 
program. All programs written for this system must use an 
ending return. This return should be removed when tne 


program is used in a stand alone 2-80 systen. 


Peamthne mend “of “lab 1, the operator 15 “sxpec ced ES 
understand the start up procedure, what is done by tne 
monitor program, and how some of the modes work. He should 


examine the machine language program at the end of this lab 


EO gain an appreciation EOE what the procram is 
accomplishing. 
2. Lab 2 


Lab 2, Appendix Y, builds on the experience of Ieo 
IDEE 2023 complicated nachine language prograb 5 ۵ 
demonstrate the use of the single step execution mode. 
mucro are four levels o£ calls daring this progro. "Phe 
Video memory location 3FF89 is used as an LED and follows the 
lune of registecs, which produced it, up the video diso lay 
as the video display scrolls. When tha machine language 
Meedeam Of lab 2 is single step executei usting 111152-25 


SEDE, the video memory location is lit, but not scroelles. 
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The operator 15 to obtain 1n appracratiom fof Shë 
debugging potential of the single step execution mode of 
operation. He should also notice the absence of the prime 
registers from the single step execution printout. IZ 2 
programmer requires the ise of both sets of Z-3) registers, 
then he must change the program for it will not execute 
properly using the single step execution mode. 


3. Lab 3 


Lao 3,Appendix Z, is a.structured example of en: 
system's use. The operator should begin this lab with 


machine language program to debug. If the operator fails to 


لام 


cice DiS own program, than a short pcograa can b= found “ae 
the end of the lab for this purpose. At the end of this ian 
the operator will have operated all of the aicroprocessor 
development system. He has passed the largest portion ot 
the system's training curve and is ready to use the system 


for his own software development. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


What was demonstrated with the preceeding is that an 
inexpensive microcomputer system can be programmed cto 
parform many of tne functions of a dedicated microprocessor 
development system costing up to tea times as auch. Speed 
of operation was sacrificed for tne ease of programming. 
The use of Radio Shack's disk basic language is more thaa 
adequate to support this 2-80 softwar2 development svsten. 
The housekeeping operations, which are common to ievelopment 
Systems, are general enough ED SUpport any other 


Microprocessor development systen. 


A. FUTURE SOFTWARE 


ct 
(D 
8 


rae software future oJÉ the TRS-90 "gicrocomputer S5753 


ct 


Fa 
O 


is limited only by the ideas laplemented with i 


Support the 7-80 Radio Shack has distributed two softwa 


ti 
(U 


packages. T-BUGw Ref. 9, is a machine language orogram that 


will load, store on tape, dump, and execute wich Ir without 


breakpoints. The TRS-30 Editor/Assemoler, Ref. 10, is a 
machine language program that will edit and assemble 
assembly language 2-80 programs. These machine language 


programs both take advantage of the basic ROM's subroutines. 
A major disadvantage of these programs 1S that they cannot 
be used with the TRS-80 iisk basic language. To improve 
this Z-80 microcoupiter development aid, a basic language 
program to relocate the I-BUG and EJitor/Assembler machiae 
language programs to a portion Of a2mory which is not used 


by disk basic is necessary to allow the use of  mhese 
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programs with disk basic. 


A list of basic ROM subroutines which could be used as 
macro instructions in other machine language programs woul? 
add a new dimension to  prograamiag. To obtain these 
Subroutines will require a disassembler program and a lot of 


bookkeeping. 


Moe expanda the TEKPRONIX 8002 to include additional 
Microprocessors will cost about two thousand dollars per 
additional microprocessor. The software required for the 
IRS to support additional microprocessors will have 
Little direct cost. Fo ‘expand ‘the TRS-807 co reg 
development systems for microprocessors already supported oy 
the TEKTRONIX 8002 is not a time 2ffective proposal. The 
software for the TRS-8) should be expanded to include 
INTEL's 8748 microprocessor family. The 8748 microprocessor 
has the greatest potential for class project work. A 
development system for this family of microprocessors will 
go a long way to 3ase tha burden of software devslopment for 
the 8748. 


B. FUTURE HARDWARE 


Mere are several cost effective hardware 3 1 ons "ES 
the TRS-80 microcomputer which will support a microprocessor 
development system. An Laterface between the TRS-30 anc the 
TEKTRONIX 8002 will provide an expanded disk capaoility, the 
Sharing of an additional 54K of RAM, and the use > a PROS 
programmer. An interface between the 1285-53 and «he 


7۳ will provids additional hardware far a ٩۵ 


(b 


21 120 523 © 5ه‎ 532 development syste. The دون‎ or و‎ 


c 
a 


prompt-48's PROM programmer and =xecution with ند‎  witho 


breakpoints will relieve some of the hardware © 2 112 2 2# 285 





for such a system. An intarface between the TRS-30 and the 
IBM 360 will add nass storage capability to any system. 


There are several new PROMS and at lsast one old PROM 
which are not supportei by the equipment available in the 
microcomputer lab. The TRS-80 with its basic language 
Capaprility would be a logical choice 5f systems to xpand to 
support these PROMs. A class project could bs directed 
toward one PROM or a family of PROMs. 
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APPENDIX A 


THE PROCEDURE TO, LHE CONVERSTLON TO- -LEVEL EL BASIC PRON 


LEVEL I BASIC 


Open CPU/kavboard cabinet. 

Remove Level I basic ROM's Iron sockets 233 and/or 
4234. 

penge 1252م 45د‎ heador OC ThE RON Doard to 233 or 
234 (233 is recommended). 

Attach the ROM board to the etched side of the CPU 
Board. 

Replace DIP shut X3 with the new DIP shut. 

Chock tha 010526531235: 7-11 (A11), c2d (A12), orange 
(A13), green (ROM*). 

mA older the yellow sire 0 DIN S ot 237. 

Deo Older tne Cel wire to pin 13 0f 221. 

COM Soler theorsgqeħkare to pin 3 OG Z21. 

Je older the grsen wire to pia 9 of XJ. 


Close CPU/kevboard cabinet. 
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MEM LOC 


000 


001 


002 


003 


004 


005 


006 


007 


008 


009 


QOA 


00B 


00C 


00D 


005 


QOF 


APPENDIX B 


IHE 8748 PROGROMMTO GENZRATE A LING FEED 


HEX CODE 


04 


05 


00 


Qu 


28 


B8 


ES 


B9 


TE 


BA 


OD 


BB 


OA 


00 


00 


00 


C‏ ساره ابا 


2ل 


NOP 


JMP 


MOV 


MOV 


HOV 


MOV 


NOP 


NOP 


NOP 


RO, 44 


RI TF 


R2, 0D 


R3,0A 


47 


COMMENTS 


Powar Up Restart 


2 75959 انالا 211-311 


gate 


ip l 





MEM LOC 


010 


011 


012 


013 


014 


015 


016 


017 


018 


019 


01A 


01B 


01C 


01D 


01E 


01P 


MEM LOC 


020 


021 


HEX CODE 


23 


01 


3A 


00 


22 


39 


00 


81 


00 


15 


05 


00 


00 


00 


00 


HE CODE 


00 


HB 


MNELINIC COMMENTS 


MOV 4,01 


OUTIL P21 NS NO). ECOG 8 
NOP 


MOV A,FF 


OU ۳ PAS A ZEN AB 25 PI for JR's and 
AND's (mot necessiry in this 
App atm) 

N OP 

MOVE ARIS Plrac== BUS in ۰-۸۵ State 

NOP 

50129 ات‎ Macs 195983713615 13 
TIS ۵۲ 9 1 


EN 


H 


Enabil-Tfarerrupe 
NOP 
NOP 
NOP 


NOP 


MNEMONEG COMMENTS 
NOP 


MOV A,RO 
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022 


023 


024 


025 


026 


027 


028 


029 


02A 


02B 


026 


02D 


VEE 


MEM LOC 


030 


031 


E 


33 


39 


04 


20 


00 


00 


00 


23 


66 


353 


08 


59 


DA 


00 


00 


HEX CODE 


96 


+1 


00 


86 


OUT. Ply, a 


JMP 


NOP 
NOP 
NOP 


HOV 1,66 


OUTL P1,A 
INSTA, BUS 
ANL A,R1 


XRL A,R2 


NOP 


NOP 


MNEMONIC 


JNZ 


NOD 


J NI 
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Enapl2 8212 and Enable 
TRS-80 
LOOP to (2 ال‎ Until 


1 ۰۶ ۲ ۸ ۳ 


An ۳۳ ۵۲ ۲ ۱19۲ has Jssurred 


SCOP 5 S0 

12125101 25-5 O econ 
Insure Ckharactar is 7 Bits 
Saca Character 


1 08۱ 2 ۳ 201 ۵ ۱ ۱5 


CONTENTS 
TE NO Cartilage Roburn Start 


End Iaterrupt Sequence 


keep to 01 





034 


035 


036 


037 


038 


039 


03A 


03B 


030 


03D 


O32 


03P 


MEM LOC 


040 


041 


042 


043 


044 


045 


046 


32 


00 


23 


33 


39 


EB 


02 


23 


00 


3A 


23 


11 


HEX CODE 


3A 


81 


00 


86 


42 


00 


46 


NOP 


MOV A,33 


ODTL BT,A 
MOV A,R3 


OUTL BUS,A 


MOV AÀ,00 

OUTL P2,A 
MOVA TI 

MNEMONIC 

JUTL P2,À 
۱ 0۷۶ ۸ ۱ 
NOP 

JNI 

NOP 

JT1 
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From UART 


Dasabl2 8212 


Places GA oü BUS: for 


A Line Feed 


BITS TOT ECOL SESE 


The Strobe to UART 


COMMENTS 
nasse sStrebe to JART 


Place BUS in Hi-Z State 


LOOD cond 4 2 Until] 


Jump to OYA When Printer 





047 


048 


049 


O4A 


4A 


04 


45 


93 


J MP 


RETR 


51 


Is Ready 


bese to OFS Until Printer 


Is Ready 


ketura fron Interrupt 





Pee eo x C 


MONITOR PROGRAM 


۶7 ۱ MONT TOR: 9) A 272-80 MICROPROCESSOR DEVELJOMENT AID FOR 
N BASIC ON TBE TRS-80 BY DEF CORTEVILLE APR 79 


PONIMDEFSTR A-B 

902 PRINT "MONITOR PROGRAM" 

DINEMORINIT WA Z-80 MICROPROCESSOR DEVELOPMENT AID" 
BVIEMMINPU L'USHORFT OR LONG EXPLANATION? INPUT SSR L";A 


۳۱۳ ۱ م‎ 507 2811007 TDUMP,LOAD,EXEZ,5S SXEC,TSTORE,TRECALL, 
STORE, DAECALL,END,L" 


weer دح‎ INPUT "MODE";B 

Dieter A="S* GOTO 534 

SI PRTNT TINPUT: DUMP, 10 EXAMINE MEMORY LOCATIONS" 

“INPUT: LOAD, TJ ENTER PROGRAM INTO MEMORY"‏ 0ط لانت 
Someones ENPULS EXEC; TI RUN A PROGRAM"‏ 

DOUDEPRINTOUINPUD: SS EXEC, IO SINGLE STEP THROUGH A PROGRAMM 
2 ۳ ۱۱ ۱ ۱۱۳۹۱۲۰ DSTORE, TO STORE & PROGRAM ON TIE DISKY 


۲ ENG TNPUP: DRECALL, TO RETRIEVE A PROGREMe STORED ON 
DH DISK" 


EWMOR ENT 'ENPUL: TSTORE, TO STORE A PROGRAM Of THE TAPE 
RECORDER" 


DIENTE UINPUT: TRECALL, TO AETRIEVESRSPROGHAM STORED OF 
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THE 


530 


532 


234 


336 


238 


540 


544 


546 


548 


550 


552 


554 


TAPE RECORDED" 


۳۲۰۸۷۸ ENP UL: SND, TO EXIT THIS DEVELOP Me AID" 


INPUT 3 

MED "DUB?!" RUN >" 08327885. 2) 2 "!ل‎ 
TTB رز‎ RUN 'TOADZEAS.DICE UT" 
MS EN EC IED TEKEC/BAS-.DEC: 0" 


mer BSES ELEC RUN ات ات دی‎ BASENE 9 


ESS DSTORE RUN "DSPORS/BAS-DEC:O" 
iio DRECALLNSRUN “"DRECALL/SAS.DFC:0" 
Maes STORE RUN "TSTORE/ZBAS. Dreso"™ 
aso e ie bCAL bt eRUN ©’ PREC ALL/SAS.DEC.y 
IF B="L" GOTO 514 


IF B="END! END 


A SUS GOTO 208 
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APPENDIX D 


DUMP PROGRAM 


SS DUP: A PART OF A L-8) MICROPROCESSOR DEVELOPMEWR- ÀID- POR 
ieee BAS EC ON THEZWRS-80 BY DF CORTEVILLE APR 79 


HMOMMEBEART3500:DEFSER A-B;DEFINT T-N 

ISMERINT “DUMP MODE" 

Aone ore "ENPUT STARTING MEMORY LOCATION IN DECIMAL"; NI 
PEN PUE "INPUT NUMBER OF MEMORY LOCATION LIN DECIMAL": N2Z 
US E END LIS OUTPUT VIDEO OR POR THS LINE PRENTER SU 

"INPUT Y OR L2";A‏ 1201 راد 

40 N3=N1 

44 BI-STRS(NI) 

45 N=N1:0=4:GOSUB 100: 31=81+" "+B 

TO 16‏ 5-1 208 از 

55 N=PEEK (N1) :0=2:GOSUB 100: B1=B1it+" "+B:N1=N1+1 

65 NEXT K 

VOTE A>" PRINI Bl 

foe cr A="LP™ LPRINT Bt 

80 IF N1<N3+N2 GOTO 44 

Some OL CONTINUE DUMPING (YES 58 


TTB YES THEN 20 ELSE RON “MONITOR/BAS. DFC: 0" 
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APPENDIX E 


LOAD PROGRAM 


Buenas A PART OF A 2-80 MICROPROCESSOR DEVELOPMENT AID FOR 
درن‎ BASIC ON THE TRS-80 3Y DF CORTEVILLE APR 79 


6 GOTO 300 

BOOMDEMINT I-O:DEFSTR A-B 

DODSZERTNT "LOAD MODE" 

BIN PUT "INPUT STARTINS MEMORY LOCATION IN DECIMAL";NI 
Wiemann. “OUTPUT IS VIDEO - USE QUIT TO. STOE LOADING 
320 N=N1:0=4:G0SUB 100:B1=B 

325 N=PEEK(N1) :0=2:GOSUB 100:B2=B 

5۳ BIBE" "+B2SPRINT BJ:INPUT B 

SS TE B-"OUIT" GOTO 350 

336 IF B="" GOTO 345 

340 GOSUB 200:POKE N1,N 

345 N1=N1+1:GOTO 320 


SE O RUN MON TTOR/OAS. DFC: 0" 
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MPPENDLX F 


EXECUTION PROGRAM 


6 GOTO 600 


GUDE UPON: NA PART OF Å Z-80 MICROPROCESSOR. DEVELOPMENT 
EON DESK BASE. ON THE FRS-80 BY DF CORTEVILLE APA 79 


BOOJSTDEESER A-B:DEFENT I-O 

610 PRINT “EXECUTION MODE" 

Sloe NeEUT "INPUT STARTING MEMORY LOCATION IN DECPMAL"-NT 
620 ندل‎ : 02 460515 1003PRINT "EXECUTION BEGINS "Ar دام‎ 
625 DEFUSRO=N1 

Someries USRO (0) ! H! END EXECUTION" 

“CONTINUE EXECJTION MODE (YES OR NO)":;B‏ الاش ل ]| ان 

01 1 B—"YES" THEN 610 


645 RUN "MONITOR/BAS.DFC:O" 
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APPENDIX G 


SINGLE 3PEP EXECUTION PaOGRAM 


۱۱۳ SS EXEC; A PART OF A Z-80 MICROPROCESSOR DEWEL OPMENT 
BNPMHORTDIESK BASIE ON THE ERS-30 BY DF SORTEVILLe APR 79 


۱۱ ۱۲ ۲ ۲ ۶ 1 I=N<DIM I(19) :DEFSTR A-B 


IBKOMF(ON— HED: 1 /۱( < 873: 1 )2( = HCO: I(3)= 73:۰ 1 )۸( ۶ 3 
1 )5( ۶ 302:  I(6)= 473:  r(7)s HCl: 1(8)= HDl: I(9)= HEV: 
ear: 1(11)= HDD: 1(12)= BEI: 1(13)= HFD: ۲ )14( - 1 
T(15)= HED: I(16)= 878: I(17)= HCE: I (18) = H73:N=0 


1315 FOR N2-29653 TO 29671 
1320 POKE N2,I(N) :N=N+1 
1325 NEXT N2 


ES ACE 1(5)= HES. IO) = BED: I(8}= RES: I(9) = HDD: 
I(10) :دهم‎ < RES ST Ee (2) = 85585: 1)13( 2 HD5: I(14)= HCS: 
I(17)= HCO: I(19)= 869: Y=0 


ii 


1335 FOR N2=29676 TO 29695 

1340 POKE N2,I(N) : N=N+1 

1345 NEXT N2 

1350 PRINT "IS OUTPUT FOR VIDEO OR LINZ PRINTER" 
1355 INPUT "INPUT V OR LP";A 

1360 IF A="V" POKE 29648,0 


BESTE A="LP" POKE 29648, 1 
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EO TNPUT "STARTING MEMORY LOCATION IN DECI N 
1375 N1=N/256:N=N-N1*256 
IBOOMPOKE 2965073N:POKE 296517241 : 0۳۵ 29652,127 


ISIS RUN "SSEXECI/ZBAS.DE-S:0'" 
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APPENDIX H 


SINGLE STEP EXECUTION PROGRAM | 


IE SSECECU/BAS.DESOU 


1400 


1405 


14 10 


1415 


14 20 


1425 


1430 


DEFSTR A-B:D8FINT I-2 

POKE 29649,0 

K1- (PEEK( H73D0) AND 401) 

AS"DC F w* B 5 D E H LSP 
IF K1=0 PRINT A 

IP K1=1 LPRINT 2 


MUMUUSSEXEEZ/ZBASDES,0O U 
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APPENDIX I 


SINGLE SIEP EXECUTION PROGRAM 2 


1 'SSEXEC2/BAS.DFC:0 

2 DEFSTR A-B:DEFINT I-Q 

6 FOR K1= 29672 TO 29675 

7 POKE K1,0 

8 NEXT K1 

9 N1=256*PEEK (29651) +PEEK (29650) :GƏT0 27 
27 M=PEEK (N1):N=M4/16:GOSUB 10:31=B 

28 N-H-N*16:GOSUB 10:82-B 


29 IF (Bl="4" OR 81215۷ OR Bl="5" OR 3 ۷ 
B1="9" OR BI="A" OR BI="B") GOTO 70 


TEE BNO OR p2-"E" GOTO 71‏ اذ 

31 IF B2="1" AND B1=0'" GOTO 72 

Ber Bi="O" GOTO 70 

۲ ۳ 81-111 AND B2-"O" SOIO 71 

TF BIZI" AND B2="1" GITO 72‏ 4د 

SO TE BIS" AND B2="8" GJTO TI 

70 6010 "81-351 ص1 36 

Byer 81-2111310 (B2-" 1" OR B2="2") SOTO 72 


BSONDUED?-2" GOTO 72 


60 


OR 2۲۷ 





39 


40 


4 1 


42 


4 3 


44 


45 


46 


47 


48 


49 


50 


51 


52 


33 


54 


55 


56 


57 


58 


60 


62 


63 


ir 


TP 


IF 


Er 


LF 


kr 


TE 


TE 


IF 


IF 


IF 


TLE 


PE 


Er 


B1="2" 
B2-"A" 
B1z"2" 
21-0 
B1="3" 
81-2۳ 
21-2 
81-5 
B2="4" 
B1="C" 
B1="C" 
81 2 ۷ 
31-۷۷ 
31-۷ 
B2="p" 


AND B2="g" 
GOTO 72 
AND B2="0" 
GOTO 70 
AND B2="0" 
AND B2="1" 
AND B2="8* 
GOTO 70 

ORT BEZE 
AND B2="3" 
AND B2="B" 
AND B2="D" 
AND B2="3" 
AND B2="B" 


a eee 


ITO 


SOTO 


50 


aO 


0 1 دی 


SOTO 


GOTO 


GM 


3sJTO 


THEN 54 ELSE 70 


M=PEEK (N1+1) :N-M/16:G050B 


N=4*16:G0SUB 10:34=3 


EE 


EF 


EY 


IF 


DE 


EF 


IE 


71 


71 


71 


72 


71 


652193 2 


72 


gui 


12 


71 


71 


10: B3=B 


5 1-0" 70190 59 

Bis"5" GOTO 56 

DHEM 39 ELSE STOP‏ ان 

8320035 OR so = AI 093129 3 

(B3=" 2". AND (B4="1" OR BY="2")) GOTO 73 
B3="3" AND B4="6" GOTO 73 

B3="E" OR B4="9" GOTO 71 
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64 


65 


66 


68 


69 


70 


71 


T2 


73 


IE 


TE 


IE 


Ir 


IF 


RUN 


RUN 


RUN 


B3="2" 


B32"2t 


B3="2" 


۲۸4 < ۲ 


BY="31 


AND BY="3" 3270 71 


AND B4="B" SOTO 72 


OR B3="3" Gord 71 


GOTO 73 


THEN 7/3 ELSE 71 


oa oD re sa"‏ دا 


Woon A seh ABA SOS. DEC)" 


US SEXBCS/BAS DEC)" 


RINNIMU SSEXEECO/BAS., DFEC:OT 
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9 


30 
10 


31 


32 


33 


34 


36 


37 


38 


39 


APPENDIX J 


SINGLE STEP EXECUTION PROGRAM 3 


'SSEXEC3/BAS.DFZ:0 

DEFSTR A-B:DEFINT I-Q 

My=PEEK (29652) :30SUB 32:POKE 29652,44 
N3=PEEK (29648) AND 1 

IF M5=2 N3=N3 OR 8 

IF M6=2 N3=N3 OR 16 

IF M6=3 N3=N3 OR 32 

POKE 29648,N3 

RUN "SSEXEC7/BaS.DFC:0" 


N1=256*P EEK (29551) +PEEK (29650): M=PEEK(N1): N=4/18: 
: Bl=B: N=M-N*16: GOSUB 10: B2=B: N=PEEX (29640) 


IF BI="E" AND B2="9" 3ITO 5 

Be 81-3“ AND B2-"9' 3)TO 46 

NE SIC OR 9۵ ۱۰2۳۲ 006 

۱۳۳ ۲ ۱ 2 ۱ OR BISINOR BIZINE! OR Bl="F" GOTO 19 
IF 81-03 ANDEB2-"OUSSOTO 51 

FE SID" AND B2="0" ال‎ ۵ 2 

HE BIS" AND B2="0" SITO. 3 


LF Bi="F" AND B2="0" GOTO 54 
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GOSUB 





NE t— KCl AND ۵2۱۲۵۲ SOTO 55 
5م 1ل‎ 8120" AND B2="8" SITO 56 
Peer BIZE" AND 82="8" GOTO 57 
43 IF B1="F" AND B2="8'" GOTO 58 
44 M5-21: 1623: RETURN 


45 15-1: M6=1: POKE 29972 p 29559)-* POKEZ 
2306073,PEER(29638) : RETURN 


46 MU=MY+1:IF M4>127 THEN 47 ELSE 48 
47 M5=2: M6=1: RETURN 


48 M5=1: M621: M=256*PEEK(29647) +PEEK (29546): POKE 
29672, PEEK (M+1): POKE 23673,PEEK(M): POKE 29674,51: POKE 
29675,51: RETURN 


49 PRINT "YOU HAVE USED A RST ??? EMULATED WITH A NOP" 
50 M5=1:M6=2: RETURN 

51 IF (N AND 64 )=64 THEN 50 ELSE 46 

52 IF (N AND 1 )=1 THEN 50 ELSE 46 

53 IF (N AND 4 )=4 THEN 50 ELSE 46 

54 IP (N AND 128)=128 THEN 50 ELSE 46 

55 IF (N AND 64 )=0 THEN 50 ELSE 46 

56 IF (N AND 1 )=0 THEN 50 ELSE 46 

57 IP (N AND 4 )=0 THEN 50 ELSE 46 


58 IF (N AND 128)=0 THEN 50 ELSE 46 
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APPENDIX K 


SINGLE STEP EXECUTION PROGRAM 4 


1 'SSEXECU/BAS.DFZ:0 

2 DEFSTR A-B:DEFINT I-Q 

3 44=PEEK (29652) :30SUB 30:POKE 29652,44 
4 N3= (PEEK (29648) AND 1) IR 2 

5 IF M5=2:N3=N3 08 8 

6 IF M6=2:N3=N3 OR 16 

7 IF M6=3:N3=N3 OR 32 

8 POKE 29648,N3 

9 RUN "SSEXECT/BAS.DFC:0" 


30 N1=256*PEEK (29651) +PEEX (29650): M=PZEK (N1): N=4/16: GOSU3 
10: Bl=B: N=M-N*16: GOSUB 10: B2=B 


31 M=PEEK(N1+1):N=M/16:G95UB 10: B3=B:N=M-N*16: 305U3 10:31:28 


32 Al="YOU ARE USING ":A2=" THIS WILL BE EXECUTED UNTIL 
": =P BEK (29640) 


STE BIZIN AND B2="3" SOTO 53 
اذ‎ TE BIS" AND B2="9" GOTO 56 
Some es i="3" AND 32="0" SITO 5/7 
Bombe 8 1-1"2 AND B2="8" SITO 58 


EU 54-2" AND B="0" 5J19 59 
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38 


3,9 


40 


4 1 


42 


43 


44 


45 


47 


48 


49 


50 


52 


53 


54 


LE 


EF 


TE 


Er 


ET 


E 


IF 


JUS 


ET 


LT 


LF 


21 2 ۷۷ 


B1="p" 


B1 ='' 1" 


B1="p" 


B3 zt 


B3 zug 


cons 


B4 —tott 


BY = 118 11 


B4 zt]! 


Ba="gu 


BG zuo 


2 ۷ < لا 


4 -< ۷ 


2 ۷ - ۷۱ 


AND 


AND 


AND 


AND 


AND 


AND 


B2= "pm 


B2="pD" 


B 2=" 0" 


3 2-0“ 


B2="pn" 


B2="5" 


GOIO 75 


GOTO 


GOTO 


GOTO 


GOTO 


GOTO 


GOTO 


GOTO 


67 


68 


69 


70 


71 


72 


73 


BND' BSs-VEW “AND SUZ" Gowns 60 
ANDEMSBS-U E AND BYU="9" GOTO 61 
SJTO 62 

KIEN U2 EELSE 75 

So DEOS 

6320 66 


THEN 74 ELSE 15 


IF PEEK(N1+1) >127 GOTO 55 


NI=N1+PBEK(N1+1) +42: N=N1/256: POKZ 29672,N: 
29673,N:M5=1: 


M6- 


les 


۵ 2 0 د ۱۶۱۳۳۵ ۱۱2۱ 


RETURN 


55 N=256-PBEK(N1+ 1) : N1=N1-N+2:45=1:46=1:N=N1/256: POK3 
29672,N: N=N1-N*256:POKE 29673,N: RETURN 

56 IF (I AND 1 )=0 THEN 76 ELSE 53 

57 IF (I AND 1)=1 THEN 75 ELSE 53 

58 IF (I AND 64)=0 THEN 75 ELSE 53 

59 IF (I AND 64)=64 THEN 75 ELSE 53 

60 M5=1: M6=1: POKE 2967 2, 2 281 (29543): POKZ 


66 





29673, PEEK (29642): 


60 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


M5=1: 


RETURN 


M6=1: POKE 29672, PEEK (29645): POKE 
29673, PEEK (296424: 


RETURN 


EF (BEEK(29635) =1) 0 TIEN 63. ELSE 654 


POKE 29674,5:M5=1:M6=2: RETURN 


POKE 29674,5:1F (PEEK(N1+1) AND 123)=128 THEN 55 ELSE 54 


PRP CARTA ??? EMULATED WITH NOP": GOTO 76 


PRINT 


PRINT 


PRINT 


PRENTI 


PRINT 


PRINT 


PRINT 


PRINT 


PRENT 


M5=1:M6=3:RETURN 


M5z1:M6-22:REIURN 


Ae Ae ee EMULATED WITH NOP: GOTO 76 


Al, 
Al, 
Al, 
Al, 


A1, 


A1," 


Al, 


Al, 


LDIR 


LDDR 


CP IR 


CP DR 


INIR 


INDR 


OT IR 


OTDR 


hee =O COTO 75 
۱,۸2 ,۷ 8020۷:60۲3 75 
NEE ol. core > 
IAS GOO DS 
1,42," B=0":GOTO 75 
۱9۸ 2,٩ ۳ 0 moms 
۱,۸ 2,۷ 8۶0۷:60۲9 5 


Wee =O. GOTO. 75> 
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APPENDIX L 


SINGLE STEP EXECUTION PROGRAM 5 


1 'SSEXECS/BAS.DFC:0 

2 DEFSTR A-B:DEFINT I-Q 

3 M4=PEEK (29652): GOSUB 30:POKE 29652 ,44 
4 N3=(PEEK(29648) AND 1) OR 4 

5 IF M5=2 N3=N3 08 8 

6 IF M6=2 N3=N3 OR 16 

7 IF NM6=3 N3=N3 DR 2 

8 POKE 29648,N3 

9 RUN "SSEXEC7/BAS.DFC:0" 


30 N1=256*PEEK (29651) +PEEK (29650): M=PZEK (N1): N-4/16: GOSUSB 
10: B1=B: N=M-N*16: GOSUB 10: B2-8 


31 I=PEEK (29640) 

32 IF B2="3" GOTO 50 

33 IP BI="C" AND B2="D" 32TO 51 
34 IF BI="C" AND 82-۷2۷ 39TO 52 
35 IF B1="D" AND 382="2" 39TO 53 
36 IP BI="E" AND B2="2" goTO 54 
37 IF B1="F" AND B2="2" GJTO 55 


38 LF BP="CUMAND B2="A "SITO 56 
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SORTE BI- YON AND B2=ED SOTO ST 
40 IF B1="E" AND B2="A" SOTO 53 
TEE BI SUE AND BZA GOTO 59 
42 IF B1="C" AND B2="4" GJTO 60 
ANT ظ‎ ۱۶ ۵۲ ۸۵۵ 2 219 SITO GT 
44 IF Bl="E" AND B2="4" GJIO 62 
45 IF B1=PF" AND B2="4" GOTO 63 
اظ ۰ ان‎ 2 AND B2s"C" SITO 64 
Peep! ANDNB2-"C" SOTO 65 
ome BI="E" AND B2="C™ SOTO) 66 
IBAS UE" AND B22"C" THEN 67 ELSE 70 


50 M5=1: M6=1: POKE 29672,PEEK(N1+2): POKE 29673,PEEK(N1+1): 
RETURN 


51 MY=M4-1: N=N1+3: MzN/256: N=N-M*255: 
M1=256*P EEK (29647) +PBEK (29646) : POKE MI-1,4: 2942 M1-2,N: 
POKE 29674,59: POKE 29675,59: GOTO 50 


52 IF (I AND 64 )=64 THEN 71 ELSE 50 
53 IF (I AND 1 )=1 THEN 71 ELSE 50 

54 IF (I AND 4 )=4 THEN 71 ELSE 50 
55 IP (I AND 128)=128 THEN 71 ELSE 50 
56 IP (I AND 64 )=0 THEN 71 ELSE 50 
57 IF (I AND 1)=0 THEN 71 ELSE 50 

58 IF (I AND 4 )=0 THEN 71 ELSE 50 

59 IF (I AND 128)-0 THEN 71 ELSE 50 


60 IF (I AND 64 )=64 THEY 71 ELSE 51 
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61 


62 


63 


64 


65 


66 


67 


70 


71 


EP 


Er 


LE 


EE 


EE 


IE 


IF 


(I 
(I 
( 工 
(I 
(I 


(1 


AN D 


AN D 


AND 


AND 


AND 


AND 


AND 


1 )=1 THEN 71 ELSE 51 

4 )=4 THEN 71 ELSE 51 
128) =128 THEN 71 ELSE 51 
64 )=0 THEN 71 ELSE 51 

1 ) =0 THEN 71 ELSE 51 

4 ) =0 THEN 71 ELSE 51 


128) =0 THEN 71 ELSE 51 


M521:4023:RETURN 


M5=1:M6=2 RETURN 
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APPENDIX M 


SINGLE SPSP EXECUTION PORGRAJ 6 


'SSEXEC6/BAS.DFC:0 

DEFINT N 

NI-((PEEK (29648) AND 1) OR 6) OR 32 
POKE 29648,N3 


ENDNEIESSSCECI/BAS.DEOTQ 


71 





6 


8 


APPENDIX N 


SINGLE STEP EXECUTION PROGRAM 7 


ENE DAS DES: 0 


OBEMRSSVO:DEFINT I-Q:DEFSTR A-B:DIM A(16) 


K-PEEK (29649) 


LP=PEEK (29648) 


AND 1 


N3=256*PEEK (29651) +P EEK (29650) 


EF 


PEEK (29672) <>0 
ELSE N1=N3 


10 I=PEEK (29648) 


14 


16 


18 


20 


22 


24 


26 


28 


30 


32 


34 


i£ 


JD 


TF 


IE 


1۳ 


EF 


Er 


IF 


BoOn2 29672, 02 PB IRE 29673,0 


Cu 
(I 
(I 
(I 
(I 
(I 
(I 


(E 


TH 


E 


N 


N1=256*PEEK (29672) +PEEK (29673 . 


and 3?#8 then m5#2 else m5*z1 


AND 


AND 


AND 


AND 


AND 


AND 


AND 


48)=0 THEN 45=1 
48) 216 THEN M6=2 


48) 232 THEN 46-3 


6) -6 


THEN 


THEN 


THEN 


THEN 


ON M6 GOTO 41,40,34 


CORT KI=29672 T9 29671+FN2 


N2=1 


N2 


2 


N2=3 


NZ 


4 
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36 POKE K1,PEEK(N1):N1=N1+1 

38 NEXT K1 

40 N1=N3+N2 

41 N=N1/256: POKE 29651,N: N=N1-N*256: POKE 29659,N 
42 DEPUS RO=29653:X=US20 (3) 

44 N=N3:0=4:GOSUB 100:A(15) =B 

46 POR K1=0 TO 13 

48 N=PEEK (29634+K1) :0=2:30SUB 100: A(X1+2) =B 

50 NEXT KI 

52 FOR K1=0 TO 13 

54 A(K1) =A(K1+2) 

56 NEXT KI 

58 A (13) =A (13) *A (12) : å (9) =A (9) +A (8) :å (11) =A (11) +A (10) 


60 B=A(16) +" "+A (5)+" "+A (7) +1 "+A (1) +" "+2 (0) +" "+4 (3) +" 
"+A (2) +1 THA (5) + "+A (G4) +" "+4 (13)+" "+A (9)+" "+A (11) 


62 IF LP-0 PRINT B 
60 IP LP-1 LPRINT B 
66 IF 85:72 GOTO 70 


68 K=K+1: POKE 29649,K: IF K>9 THEN RUN "SSZXEC1/BAS.DFC:0" 
ELSE RUN "SSEXEC2/BAS.DFC:0" 


UU PRINT “END OFTEXECUTIJNU 


feo ie MONT TOR, BAS. OFC: ))'* 
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APPENDIX 9 


SINGLE STEP EXECUTION MACHINE LANGUAGE PROGRAM 


LOC 


DEC 


29653 


29657 


29662 


29603 


29664 


29666 


29668 


29676 


LOC 


HEX 


7305 


73D9 


73DC 


73DD 


73DE 


73DF 


73E0 


TEZ 


73E4 


73E8 


79 


73EAÀ 


73EB 


73EC 


HEX CODE 


ED 3C073 


312273 


Ci 


D1 


E1 


DDET 


FDE 1 


ED) Bers 


74 


MNEMONIC Comments 


LD(nn),SP Save the basic 
language sp 

LD SP,nn Set stack 
pointer 

POP BC 

POP DE 

POP HL 

POP AP 

POP IX 

POP IT 


LD SP(nn) 


LD(nn) „SP 





LOC LOC HEX CODE MNEMONIC Comm2ncs 


DEC HEX 

29680 73F0 312003 LD SÈPAN 
2196593971373 FDE5 BUSH LY 
29685 73F5 DDES PUSH IX 
29687 TIFT ES PUSH AF 
29688 73F8 ES PUSH HL 
29689 9 D5 PUSH DE 
23595008 ES Push, SC 
290991 73rB ED7BC073 LD SP (nn) 
29695 Z3FEF ES RET 





700 
FOR 


701 


705 


710 


715 


720 


APPENDIX P 


DSTORE PROGRAM 


"DSTORE: A PART OF A L-80 MICROPRICESSORJDEVELJOPME JE ۱ 
DISK BASIC ON THE TRS-80 BY DF CORTEVILLE APR 79 


DEESER A-BSDEFINT T-0 

Poet "Deters MODE == FO STØRE A PROGRAMCON Bic DIST 
INPUT "STARTING MEMORY LOCATION IN DECIMAL";8N1 

INPUT "ENDING MEMORY LOCATION IN DECIMAL";N2 


۱۳۱۱۳ ۳ "1 1 ال‎ FILENAME (NC WHORE THAN. 8  ALPERA=NDUWER IC 


CHARACTERS AND ANY OPTIONAL PARAMETERS)";A 


725 


730 


735 


740 


745 


730 


755 


OPEN 2 

POR N=N1 TO N2 

PRINT#1, PEEK (N) 

NEXT N 

CLOSE 1 

PRINT "PROGRAM DATA IS STORED IN ",A," NOTE TI3AT" 


RUN "MONITOR/BAS.DFC:0" 


~d 


ON 





800 
AID 


805 


810 


815 


820 


825 


830 


835 


340 


845 


850 


855 


860 


APPENDIX 2 


DRECALL PROGRAM 


"DRECALL: A PART OF A 2-80 MICROPROCESSOR DEVELOPMENT 
OR DISK BAST. OMI THE اوح و بل‎ BY DF CORTEVILLE EPR 79 


DEFSTR BS BIDEF ING N 

PRINT "DRECALL MODE = TO "RECALL & PROGRAM FROM THE DISK” 
۱۳۱۱۳ ۷ 5 "STARTING MEMORY LOCATION IN DECIMAL"; NI 
INPUT "ENDING MEMORY LOCATION IN DECIMAL";N2 
INPUT "FILENAME AS USED DURING DSTORE";A 

OPEN "I'",1,A 

FOR N-N1 TO N2 

INPUT#1,N3 

POKE N,N3 

NEXT N 

CLOSE 1 


PRINT "THE PROGRAM HAS BEEN LOADED INTO MEMORY LOCATIONS 


",N1," TO ",N2 


365 


RUN “MONITOR/BAS.DFC: 0M 
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mE 
EE 
- 


nn 





APPENDBS R 


[STORE PROGRAM 


POO TSHORES A PART OF A 2-80 MICROPROCESSOR DEVELOP NENT ADD 
PO DISK BASIC ON THE TRS-80 BY’ DF SORTEVILLE ASR /9 


ERKOMDEFSTPR A-BSDEPINT I-N:DIM 1(15) 


720 PRINT "TSTORE MODE TO STORE A PROGRAM ON TAPE RECORDER 
#1" 


VOU TNPUT "STARTING MEMORY LOCATION IN 2 1 
740 INPUT "ENDING MEMORY LOCATION IN DECIMAL"; N2 


745 PRINT "NOTE STARTINS TAPE COUNTER AND TURN ON THE 
RECORDER TO RECORD" 


750 FOR J=0 TO 15 
755 I(J) =PEEK(N1) :N1=N1+1 
760 NEXT J 


765 PRINTÉ-1,I(0),I(1),I(2),I(3),I (*),I(5),I(9),I(7) ,I(9), 
Maro) (t1) ,2(12) ,E(13) , T(18) , E (15) 


770 IF N1«3N2 GOTO 750 
775 PRINT "NOTE ENDING TAPE COUNTER" 
730 INPUT "CONTINUE TSTORE 40D ©: 8 


Poses  s="YES"* THEN 720 ELSE RUN “HONTTOR/ BAS. DFC: O™ 
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APEENDIX S 


CRECALL PROGRAM 


800 "'TRECALL: A PART OF Å Z-80 MICROPROCESSOR DEVELOPMENT 
ها تا لاسن‎ BASIS ON THE 1285-80 BY DF CORTEVILLE APR 79 


EDOMDEFESTR A-B:DEFINT L-N:DIM I(15) 


SEO FPRINT "TRECALL MODE TJ) RECALL A PROGRAM FROM THE TAPE 
RECORDER" 


SHO INPUT "STARTING MEMORY LOCATION IN DECINAL";N1 
820 INPUT "ENDING MEMORY LOCATION IN DECIMAL";N2 


SS PRINT "TURN ON THE TAPE RECORDER (PLAY) AT THESTARTING 
COUNTER" 


830 INPUT "WHEN TAPE IS READY PRESS ENTER";A 


850 INPUTS-1,1(0),1(1),1(2),1(3),1(4),1(5),1(6),1(7),1(8), 
ردنا‎ 1 )10( (11), 5 (12) ,1(13) ,L (14) 72 (15) 


855 FOR J=0 TO 15 

360 IF N1>N2 GOTO 870 
865 POKE N1,I (J) :N1=N1+1 
870 NEXT J 


875 IF N1>N2 THEN 850 ELSE RUN "MONITOR/BAS.DFC:0" 
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10 


11 


2 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


SUBROUTINE TO DECIMAL TO SEX COR VERSIN 


IF N=0 B="0" 

IF N=1 3="1" 

IF N=2 8="2" 

IF N=3 B="3" 

IP N=4 2۷ 

E NS BES 

IF N=6 B="6" 

IF N=7 B="7" 

IF ۱۲۶8 32۷ 

IF N=9 B="9" 

IF N=10 B="A" 
IF ۱۲2 11 0 
IP N=12 B="C" 
IF N=13 B="p" 
IF دلا‎ 14+ B="g" 
IF ۱۱۶ 15 2۲۰ 
RETURN 


APPENDIX T 


80 





110 
105 


215 
1 )3( 


120 
130 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 


150 


APPENDIX U 


SUBROUTINE 100 DECIMAL TO HEX CONVERSION 


4=16:M1=256:M2=4096:IF O=4 GOTO 115 
IF 0=2 GOTO 120 


I (0) =N/M2:N=N-I (0) *M2:I (1) =N/M1:N=N-I (1) *M1:I (2) =N/M: 
=N-I (2) *M:GOTO 130 


I (0) =N/M:I (1) =N-I (0) * 8 
FOR J=0 TO 0-1 

IF I(J)=0 A(J)="0" 
BN) ca Jy sn ۳ 
IP f(J)z2 ۸ )( ۷ 
EE ESSO EE 
prn a AT) "u" 
n DMA (ij 7 
E I(0) =6 Jer 
TE له‎ (99 =7" 
IF I (J) =8 A (3) ="8" 
IF I(J)=9 A(J) ="9" 
12 1 DER A 
IE T(J || A(J) 18“ 


ae Se (ah) 2-1273 )3( "ع"‎ 
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53 


154 


155 


156 


170 


180 


190 


øl‏ ا ا 

IF 1 )3( 214 ۸ )1( ۲ 

IF 1 )1( 215 ۸ )1( ۲۷ 

NEXT 

IF 0-2 THEN B-A(0)-*A(1) 

IF 0=4 THEN B=A(0) +A (1) +A (2) +A (3) 


RETURN 
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220 


210 


220 


221 


222 


223 


224 


225 


226 


221 


228 


228 


229 


230 


231 


232 


233 


234 


APPENDIX Y 


SUBROUTINE 200 HEX TO DECETAL CONVERSION 


A(0) =LEPTS (B,1):A(1) =4ID$ (B, 2,1) :43=16 
FOR J=0 TO 1 

IF å (3) ="0" T(J) =0 
EF A(J)="1" T(J) =1 
IP A(J)="2" 1(3) =2 
IF A (J) ="3" 1(3) =3 
(= ET CN ZA 
IF A(J) ="5" I(J)=5 
IF A(J)="6" I(J) =6 
IP 2۵ )3( 2۷7" I(J) 7 
TFUE ۸ (ل)‎ 2۵۲ F(J) 28 
IF A(J) ="8" 1 )( 8 
IF ۸ )( ۶۷9" 1 )3( 29 
IF A(J)="A" 1 )1( 0 
IF ۸ )3( 2۷5" 1 )3( 1 
IF A(J) MC 1(1)=12 
IF ۸ )( ۶۷0۷ 1 )3( 21 3 


IF A(J)s"E" I(J)-14 
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235 


236 


240 


250 


260 


TE A) ET 1 (O) =5 
IF A(J)=" " 1(J) =0 
NEXT 

N=M3*I (0) +I (1) 


RETURN 


34 





DEC 


23832 


29634 


29635 


29636 


2:93 7 


29638 


29639 


29640 


29641 


29642 


29644 


29646 


29648 


29649 


SINGLE 51 82 EXEGUTLIONSEEJORI MAF 


HEX 


73C0 


7 ۳ 2 


9 


7 6 


7 


73C8 


UN 


JIC 


TOCE 


73D0 


73D1 


APPENDIX W 


Contents 


Basic language stack pointer 


C 


B 


E 


۳ 


A 


register 
register 
register 
ragister 
register 
register 
register 


register 


IX register 


IY 02296152 2 


Stack poanter 


DO is LP 


DI and D2 are ) 


D3 is M5 


D4 and D5 are 


K 
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DEC 


29650 


29651 


29652 


29653 


to 


29671 


29672 


to 


29675 


29676 


to 


29695 


HEX 


7 30 2 


7 30 3 


7304 


7305 


tə 


73EB 


TENG 


to 


1 


Coitents 

N1 (PClow) 
NI (PChigh) 
M4 


Machine language program 


Appendix 9 


Four bvtes for 


Executed step 


Machine language program 


Appendix O 
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APPONDIEK X 


LAB 1 


Place a chair in ftroat'of the TRS-80. 


Eheck Sizz60hz AG power cords (two from. the expansion 
interface, one from video display, one from the tape 
recorder, one from the mini disk drive, and one from 


the line printer interface). 


Check that the video display is connected to the micro 
computer system (keyboard) in the plug marked video 


(center plug). 


Check that the tape recorder plug is connected to the 
keyboard at the plug marked tape; and to the tape 
recorder as follows: black to EAR, large gray to AUX, 
and small gray to REMOTE. 


Check that the keyboard is connectsd to the sxpansion 
interface with a forty pin edge connector ani a power 


cord to the plug marked power on the keyboard. 


Check that the line printer interface is connected to 
the expansion interface Wien a forty pin edge 


Connectors. 


Greco that. the mini disk drive is conn- -təd رای‎ 


expansion interface. 


Prace the line printer interface on/off switch to 90 
then press the reset push button. (note: If the line 
peinter sinterface is off, then the wani disx drive ame 


expansion interface will not work.) 
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10. 


ieli $ 


2 


i. 


14. 


155 


9 


17. 


18. 


Turn On the video display. Prass the power switch in. 


Place the operating systen mini disk, a 2-0 
Microprocessor development aid, in the nini disk drive. 
The catalog number should be showing on the bottom 


۳ ۱0 CIOS the inl diskidriva door. 


Turn on the mini disk drive. On is up on th2 switch on 


the back of the mini disk drive. 


Turn on the expansion interface. Push in the button 


switch on tha center front of the expansion interface. 


Turn on the keyboard. Push in the button swatch on the 
Bear 81 1۳ of the keyboard. The mini disk drive shoudd 
turn on thus loading the ITRSDƏS (TRS disk operating 
system) into the RAM. The following appəaars on the 
video display: 


ERS DOST- DISK OPERPINS SYSTEM -UVER 2:1 


DOS READY 
Type BASIC and push ENTER. 


Kor the 565232822 HOW MANY FILES?) press ENTER. This 
defaults on three files. 


For the question, HEMORY SIZE?, type 29630 and press 
ENTER. 


PADO SHACK DISK BASI VERSIONS 1:1 
READY 


Appears on the vide» display, type RUN "Ss" and press 
ENTER. 


MONITOR PROGRAM 


Ae 2- Gem ATCROPROCESSIR DEVELOPMENT av 


88 


TE 


20. 


21. 


D 


23. 


24. 


25 


26. 


Dp. 


29. 


SHORT OR LONS EXPLANATION? INPUT S OR L? 
Appears on the video display, type L and press ENTER. 


The long explanation for each moie appears o3 the video 


display, type S and press ENTER. 


The short explanation appears on tha video display, 
type DRECALL and press ENTER. 


The disk recall program is now asking for a beginning 
memory location to load a program into RAM from the 
disk, type 29696 and press ENTER. 


The ending nemory location is required, type 29710 and 
press ENTER. 


A filename is required, type IESIPR£é1 and press ENTER. 


Steps 22 to 24 are unique for this lab and are 
dependent on the program to be loaded. The monitor 
program is requesting a long or short expianation. Type 
l and press ENTER. 


Examine the program just entered into the RAM, type 
DUMP and press ENTER. 


For starting memory location, type 29696 and press 
ENTER. 


For the number of memory locations, type 15 and press 
ENTER. 


For video output type V and press ENTER. This shows 
the beginning decimal memory location, tne beginning 
hexadecimal memory Location and the contents of tae 


following 16 memory Locations. 


OSG 710O 21 00 3C 35 BF 06 02.77 23 05 C8 C3 07 FUL FE FF 


29% 


Type NO and press ENTER. This returns to the monitor 


program. 
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30% 


Type S and press ENTER. 


31. The LOAD mode will be used to change location 7406 from 
02 to EF. Type LOAD and press ENTER. 

32. Type 29702 and press ENTER. 

33. Type FF and press ENTER. 

34. Exit the LOAD mode, type QUIT and press ENTER. This 
returns to the monitor program. 

35. Type S and press ENTER. 

36. Repeat steps 26 to 29. The 02 in aemory location 7505 
is now FP. 

37. Press ENTER (no is the default). This returns to the 
monitor program. 

38. Type S and press ENTER. 

39. Type EXEC and press ENTER to execute the test program. 

40. Type 29696 and press ENTER for the starting memory 
Location. 

41. The top four lines of the video display are whitened 
out, 256 video memory locations. 

42. Press ENTER (no is the default). This returns to the 
monitor progranm. 

43. Type S and press ENTER. 

44. Type END and press ENTER. Secur2 all power supplies. 
This ends lab 1. 

TESTPR#1 

MEM LOC OPCODE SNESONIC 
7400 210035 LD dL, 3C00 


90 





0 
o 


7403 


7405 


7407 


7408 


7409 


740A 


740B 


23 


05 


C8 


C30774 


LD E 
LD BEE 
LD (AL), 
INC AL 
DEC B 
REI 4 


JP 7307 


À 
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10. 


i 


12. 


APPENDIX Y 


LAB 2 


Power up the system by completing steps 1 through 18 9£ 
ator |. 


Type S and press ENTER. 


Recall test program number 4 from the disk: type 
DRECALL and press ENTER. 


Type 29696 and press ENTER for the starting memory 
iloceti on. 


حم 


Type 29770 and press ENTER for the 231126 27 


location. 

Type TESTPRO4 and press ENTER for the filenane. 
Type S and press ENTER. 

Type DUMP and press ENTER. 


Type 29696 and press ENTER ior the starting memory 


TOC a ion. 


Type 74 and press ENTER for the number of menory 


locations. 


Coanect the cable from the line printer interface to 


the line printer and turn on the printer. 


Type Le and press ENTER to make a hardcopy of the 
program. There is 3 20 second delay between pressing 
ENTER GRI ENS first output which will l9o0x lik? this: 


32 





29109 


2 1 


2972 


2974 


2976 


13 。 


14. 


13; 


16. 


17. 


18. 


19. 


206 


205 


220 


TEST 


MEM 


7400 


6G ۷ 0085S PR3 3P 77 CD 10 74 77 c9 00 
2 710190205702 05-0009 00 74 05 77 CC 20 74 77 C9 00 00 
8 7420 O6 U: 771 057520 Fp ep 30 74 77 C9 90 00 00 09.09 
477430 لا‎ 21 74 FOD 21 47 74s 77 DD E9 77 00 FD ES 6 
0m7 030090 IOC ETE SES 7Q 77 C9 00 00 00 03 00 00 00 
Press ENTER,NO is the default. 

Type S and press ENTER. 


Type SS EXEC and pr2ss ENTER. This starts the single 


Step execution mode. 
Type V and press ENTER. 


Type 29696 and press ENTER for starting memory 


lion.‏ ور 


Single step execution requires about 20 seconds for 
each step. Use this time to anticipate the next step. 
The printout produced in step 12 or the program at the 
end of this Lab should be used. 


Note the four levels of calls and the use of the video 
RAM location 3FF8 as 3 LED. 


After end of execution, type S and press ENTER. 
Type END and press ENTER. 


This ends lab 2. If the student needs mora practice, 
then redo lab 2 using LP instead of V in step 16 to 


obtain a hard copy of the 2xecution. 


PROGRAM #4 
LOC OPCODE MNEMONIC 
AF XRA A 


53 





7401 


7404 


7406 


7409 


740A 


740D 


740E 


71 0 ۴ 


MEM LOC 


7410 


7412 


7413 


7414 


7417 


7418 


7419 


741C 


74 1D 


741E 


741F 


ABM LOC 


7420 


7422 


7423 


310075 LD SP, 7500 
3EBF LD A,BP 
21F83F LD HL, 3FF8 
LD (BI); A 

CD1074 CALL 7410 
77 LD (AL) ,A 
c9 RET 

09 NOP 

OPCODE MNEMONIC 
0602 ۱۳ 2 2 
05 DEC B 

00 NOP 

CA0074 JPZ 7400 
05 DEC 8 

77 LD (ELIA 
CC2074 SEU 

77 OEA 
C9 RET 

00 NOP 

00 NOP 

OPCODE MNEĦONIC 
0602 Lo B 92 
77 MDR (HL) ON 
05 DEC B 


94 





7424 


7426 


7429 


742A 


742B 


742C 


742D 


7425 


1427 


MEM LOC 


7430 


7434 


7438 


743A 


743B 


74 3C 


743D 


743P 


MEM LOC 


7441 


7442 


71444 


1447 


7448 


20FD 


CD3074 


77 


ES 


00 


00 


00 


00 


00 


0 2010 


DD213F74 


FD214774 


17 


DDEY 


77 


00 


FDES 


0603 


OPCODE 


77 


۱ 


0633 7 


77 


69 


JRNZ FD 
CALL 7430 
LD (HL), A 
RET 

NOP 

NOP 

NOP 

NOP 

NOP 
MNEMONIC 

۳ 1 NIE 
LD ۳:۵, ۷ 
EDO a 
ix) 

۳ ( ) A 
NOP 

JP (LY) 

LD 8,03 
MNEMONIC 
PEU eee 
DJNZ P7 

JP 743B 

LD CARL a 


RET 


95 





10. 


APPENDIX 4 


LAB 3 


Power up the system by completing steps 1 thcough 18 of 
Pan: 


Type S and press ENTER. 


Type LOAD and press ENTER to load your machine language 
program into the RAH. 


Type the starting a2nory locatida in decimal and press 
ENTER. Protected manory locations are 29695 to 33777. 
Use the machine language progran at the end of this lab 


LE you did nət write ona prior tə this lab session. 


Type the opcode one nemory location at a tine and press 
ENTER. For each memory location the systea displays 
the memory address and the previous contents. If ENTEB 
1s pressed without data, then the memory content is not 


changed. 


Type QUIT and press ENTER when the complete program is 


entered. 
Type S and press ENTER. 
Type DUMP and press ENTER. 


Type the starting memory location in decimal and press 
ENT ER. 


Type the number of memory locations in decimal and 


press ENTER. 


96 





der. 


12: 


jie 


14. 


REUS 


17. 


195 


19. 


D 


21. 


22. 


ه 23 


24. 


29% 


Type Vor LP whee video or lineprinter and press ANPER. 
Compare the output with the desired program. 


Debug the program using the execution mode as used in 
lab 1 and the singles step execution mode as used in lab 
2 


Use the load and dump modes to change and verify the 


program if necessary. 


Save the machine language program on the disk drive. 


From the monitor program type DSTORE and press ENTER. 


Type the starting m2aory location in decimal and press 
ENTER, 


Type the ending memory location in decimal and press 
ENTER. 


Type a filename (your initals will be fine aad easy to 


remember) and press ENTER. 
Type S and press ENTER. 


Save the machine language program on the tape recorder. 
Place a tape in the tape recorder, remember the cape 
counter number, and press the record and play buttons 


Simultaneously. 
Type TSTORE and press ENTER. 


Type the starting memory location in decimal and press 
ENC GR: 


Type the ending aemory location in decimal and press 
ENTER. 


Note the ending tape counter number. Press ENTER, NO 
is the default. 


Press the stop button on the tape recorder. 





Zon 


21. 


28. 


29. 


308 


31: 


325. 


33. 


34. 


د 


SAMPL 


MEM 


7400 


7402 


7403 


7404 


ne 


Type 5 and press ENTER. 


Retrieve the machine language program from the tape 
recorler. Rewind the tape recorder to the starting 


tape counter number. Place tha tape recordec in play. 
Type TRECALL and press ENTER. 


Pick a new starting nemory location. Type the new 


Starting memory location and press ENTER. 

Type the new ending nemory location and press ENTER. 
The tape recorder should be ready so prsss ENTER. 
Type 5 and press ENTER. 


Use the dump mode to verify the machine language 


program retrieved from the tape recorder. 


Secure the system from the monitor progran. Type END 


and press ENTER. 


This ends lab 3. The student has operat2d every mode 


of the Z-80 microprocessor development ail. bor a 
discussion DIE the systen read The Design and 
Implementation of an Inexpensive M34icroprocessor 


for the 2-80 Microprocessor, 3 


ER SIS, by D. FE. 0085591112 June 1979. 


Development System 


E PROGRAM 

LOC 9 PCODE MNEMONIC 
1802 JR 22 
00 NOP 
00 NOP 


3EAA LD A, AA 





7406 


7408 


7409 


740A 


740C 


740D 


740E 


740F 


1805 


00 


00 


0 6BB 


00 


00 


00 


ES 


JR 95 


NOP 


NOP 


LD B, BB 


NOP 


NOP 


NOP 


RET 


99 
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